Critical role of L-arginine in endothelial cell survival during oxidative stress.
Oxidative damage of vascular endothelium represents an important initiation step in the development of atherosclerosis. Recently, we reported about protection of inducible nitric oxide synthase (iNOS)-derived high-output NO in endothelial cells. Because iNOS activity critically depends on the availability of its substrate l-arginine, the present study aims at elucidating iNOS-mediated effects on H2O2-induced apoptosis of cytokine-activated rat aortic endothelial cells (AECs) subject to medium l-arginine concentrations. In cytokine-activated AECs, iNOS activity was found to be half-maximal at 60 micromol/L arginine, which represents the medium serum level in rats but also in humans. Maximal activity is seen at and above 200 micromol/L arginine. Activated cells grown in the absence of arginine with minimal iNOS activity are highly sensitive toward H2O2-induced apoptosis, and increases in medium arginine concentrations result in increased cell survival. Moreover, competition experiments show that iNOS activity is completely dependent on cationic amino acid transporter-mediated arginine uptake. We also find that the arginine-dependent protection includes inhibition of endothelial lipid peroxidation and increases in the expression of vasoprotective stress response genes. Our data demonstrate that arginine concentrations corresponding to physiological serum levels do not allow for optimal endothelial iNOS activity. Thus, decreases in systemic arginine concentrations, or locally within atherosclerotic plaques, will impair the endothelial iNOS-mediated stress response and will significantly increase the risk of endothelial dysfunction.